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AURUAADL 1 COUbLIHK A

AMPHORA CAPACITY STA\IDABDS IN HELLE\IIS'IIIC CHERSONESL’S :
_G. M Ntkolajenko :

- According to the authm s calculatlons typical capacltles are; from the end of the 41;11

to the mid-3rd century, 19.40—19.60 litres; from. the mid-3rd. through the:2nd. century, <

4.80==5.00 litrés, correspondmg £0.1/2. and-1/8-of a Euboean metreies of 38.88- litres orito =

6and 4.5 Euboean thoes; alsato T and £1/5 Chian choes, The capacity ofa Wholly presery ed

;.‘amphora was Theasured by filling it with sand or-water up to the lip. The capacity of res-. - Sl

- “tored and fragmentary amphoras was calculated mathematwalls accouhng to the formula = =
i for the sum of the volumes:of truncated cones. The linear parameters of ; an- amphora are ;

in a proportmnal dependence determined by its. shape (xncn this;: .one’can, reproduce-is

. the ancmnt fo*mula for cmculatmg the Cdpacwy of bOdlES m rotamon Whl(}h mll be oX~

"pressed thus z (%) D H z hemg the roeffment expressmg the conelatlon oithe dxame~

ters anclhelghtsof the different paxts of an amphora ‘that is, their proportlonal dependence

By comparing ths linear parameters.of amphoras from’ different production centres. one - .

can’see a téndency towards standnrdxsauon of linear measures in this -type of product A
in’centres having close commercial ties, in partlcular in Chersonesus Pontlc Hemclca, IR
Snope Thasos aud Pa ntlcapaeum : e
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About Standards of Capacity of Hellenistic Chersonesos V S 185411197853
G.M. Nikolayenko: Gechidk Dievnei Istorii

142 More intensive study of material on the economics and commerce of
ancient states demands ever more active application of information about
metrology- The importance of metrological researches for study of these
problems was already noted in the past by H. Nissen. Unfortunately these
topics have not until now received much attention. A work of I.B. Brashinsky
which has only recently appeared is devoted to questions of the method
of determination of capacities of the ceramic container.2 Since the
suthor has described sufficiently fully the extent of study of these
problems, We will not dwell at length on it. Ve will mte only that the

2 principle attention of investigators was aimed at the study of weight and
~ linear metrology of Olbia, PantiBapaion and Chersonesos, chiefly of weight
standardse. ’

143 Metrological researches on north Black Sea area weight systems were
undertaken for the first time by A.L. Bertye-Delagard,3 whose conclusions
were later added to by A.N. Zograph and D.B. Shelov.3 Among monetary-
weight systems established in the northern Black Sea, the Rhodian-Chian
ijs distinguished, and the Persian, the Aeginetan, The Euboean, and others.4
The Aeginetan systen predominated at Olbia and Pantakapaion,5 the Rhodian-
Chian in Chersonesos (Zograph op. cit. p. 147). Here also the Persian
system has been ascertained, and at Pantikapaion and Olbia the Euboean
system. In the opinion of L.I. Chuistova, it is possible to distinguish
a group of weights also of a system peculiar to Chersonesos with a mna
weight of 207 grams. But since it stems from an inaccurate decipherment
of a letter designation on a stone weight (39 instead of 19), that con=-
clusion cannot be admitted successful. Furthermore the method of weighing
of metal weights which L.I. Chuistova took is unreliable,7 and so the

conclusions of the author cannot be made use of.

In characterizing linear standards of the Bosphorus, LE.0. Berzin
observes that here, as also at Olbia, the Attic-FEuboic (Ionic) system
was in uSe.8 N.I. Bolotin also distinguishes at Pantikapaion the Euboic

(Ionic) system, but at Olbia he considers the Aeginetan one as basic,9

but I.B. Brashinsky observed that tiles of that centre, and also of
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Chersonesos, they made on the Attic (foot at 326 mm) shandards 12 mhs
question about linear measures of Chersonesos has been partially worked out.
S.Ph. Strzeletski determined that the Orgia G)quwl-?] near or egual to Attic
unit, was a unit of measurement by means of which were delimited the allot-
ments of Chersonesos in the Heraclean peninsula.11 A.H. Shekex Shcheglov,
having studied monuments of the Chersonesan chora [xmagaﬁ]in the North-
West Crimea, has arrived at an analogous conclusion.

For standards of capacity of the centres aforementioned, up to this
time there has?ggen devoted a special investigation; B.N. Grakov, who began
to work on them and measured the capacities of 150 amphoras, did not succeed
in completing this task. I.B. Zeest and V.V. Borisova pﬁ%ent capacities
of a few types of amphoras withcut defining their Standards.13 Recently
in connection with an examination of types of amphoras V.I. Kats and S.Y.
Monachov touched upon the cuestion of the standard of capacity of amphoras.qq
Determination of standard sizes of capacity may throw light on many aspects
of the economic life of an ancient town, about which I.B. Brashinsky speaks
in some detail (op. cit. pp. 87-89).

In the present article the author sets forth the results of her wérk
on the determination of standards of capacity of Chersonesan amphoras of
the Hellenistic period, which she has endeavoured to establish with an
application of a mathematical Emxmmi¥a method of the czlculation of the

capacity of amphoras. Since the method of determining stundards of capacity
combines in itself linear and actual mezssurement of capacity, it is

necessary to examine in greater detail the most peevalent systems of linear
measures. It is known that, as the basis for the formation of measures of
capacity and weight, linear measures served,15 for which one cubic foot
corresponds to the metrical expression of weight 'talent', one and a half
feet to the weight of a metretes, two feet to the weight of a medimnose.
Tn most common use was a foot at 295.7-296 mm, being fmmm® formed from
the length of the Persian elbow [ﬁ.e. cubit{l at 443.55-44L mm and
composing 4/5 of the Babylonian large cubit at 555 mm, and foot at 297 mm from
the cubit at 445.5 mm, being formed from the old Babylonian cubit at dhSx
Los mm.16 In literature this foot, equal to 296-297 mm, often is called Attic.
Also known is a foot at 326-328 mm from a cubit at 495mm (ibid.p.857).
Dsrpfeld called it Aeginetan and considered it the most generally used at

Athens.17 Tn works of recent years, to the foot of 296 mm has been applied

the name of short, or Ionic, and to the fopft of 326 mm the mame long, Doric,
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or Attic. In connection with these it is necessary to observe that
researchers, speaking about the use at Chersonesos of the Euboic system
of linear measures, had in mind a foot at 296mm, that is, Ionic.

For the bringing to light of standards of capacity, we measured 45
amphoras of Chersonesan manufacture which are breserved in storage places
of Chersonesos and in other museums, and in addition We used the data opn
capacities presented in the work of V.V. Borisov. |7 The capacity of intact
and restored amphoras was determined empirically, for which each amphora
was filled with water or grain up to the crown ['halo' - I take this to
mean 1ip] of the negk. The Capacity of all amphoras was computed also by
mathematical means.

The first experiment of mathematical calculation of the Capacity
of a container was performed by us on an example of g Sinopean pPithos with
numerigl marksozo The full volume of the pithos was calculated on the

formula known to mathematics:

2 2
= .oR. R7)A n
L %Z(Rj Tl B

by the approximated calculation of the volumes of bodies of revolution,

his, that a body of revolution in

a series of elementary bodies of
revolution, in the bresent case truncated comes. The sum of the volumes
of these truncategq cones gives the full volume of the body of revolution,
The capacity of the pithos, calculated on this formula, comprised 1065 * 65 1.
THEXRXRREYERE If the Capacity is calculated according to the formula of
Geron Hiero for pithoidal bodies, employed by M. Lang g for the calcul
of the volume of ap hypothetical Thasian pithos, then it will comprise

984,25 1. The difference in the calculations it is POssible to explain

ation

by this, that in the use of a comtemporary formpla there arige errors in

the tracing of the profile of the vessel, which dependeq on the practical

deviation of the form of the pithos from an ideal one. These errors make

up roughly 5% of the volume of the vessel./ To determine érrors in cal-

culations on the formula of Hiero, which Was obtaineq most probably by

empirical means, is possible if one has at one's disposal much statistical

material, which at the present time we do no¥? ave, Furthermore, M. Lang

considers that one of the diametees, given in the formula of Hiero, is the

inner diametre of the body. But this diametre is difficult to me

asure in
pPractice, It was far more convenient

for the master to control hig wares
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by measuring the external diametre of the body and the internal diametre
of the mouth. Just so the master proceeded when he was checking the
dimensions of an amphora.22 If, confirming our reasoning, we calculate
the capacity of a pithos by substituting in the formula of Hiero the guantity
of the external diametre of the body, then the capacityl will be 1027.5 1.
This result is close enough to the significance of the volume obtained in
the#ormula of the sum of volumes of truncated cenes and corresponds to
20 medimnoi or 26 metretes or 30 Attic cubic feet or 40 Ionic cubic feet.

Of this formula(the sum of truncated cones) we availed ourselves in

the calculation of the capacity of amphoras. In the result of our meaure-
ments it is possible tc distinguish the standards of amrhoras, the capacity
of which fluctuates to the following limits:

End IV to mid III c. BC23
1st 31.5-32.5 1.3 2nd 19.40-19.60 1l.; 3rd 17.20-17.50 1l.; bth 14.50-
14,70 1.3 5th 4,80-5.00 1. Provisionally there are distinguished the
standards: 6th 30.20-30.30 l.; 7th 27.20-27.50 1l.; 8th 22.50-22.70 l.;
9th 9.60-9.80 1.

Mid III to II c. BC

8th 22.50-22,70 1.; 3rd 17.20-17.50 l.; 9th 9.60-9.80 1.; 5th L4.80-
5.00 1. Provisionally there are distinguished the standards: 2nd 19.40-
19.60 1.; and 10th 8.50-8.60 1.

Standards 1, 2, 4, 9 and 5 correspondingly equal 10, 6, 4, 5, 1.5 Euboic
choes at 3.2 litres, or 11.5, 7, 5, 3.5, 1% Chian choes at 2.8 litres.
Standards 3 and 10 equal 8 and 16 choeniks at 1.08 litres or 1/3 and 1/6
Euboic medimnoi, and also 6 and 3 Chian choes. The standards which are
provisionally determined equal: 6th standard - 1Pontic maris [}kﬁ(tg ﬂat
30.31 litres; 7th - 8.5 Euboean choes or 9% Chian choes, 6 Pontic addiks
or Aeginetan choes at 4.55 litres; 8th - 22.75 litres, i.e. 7 Euboean or
8 Chian choes, and adso 5 Pontic addiks. The 4th standard equals also
1 Pontic hydria at 14.58 1., while standards 5 and 9 are respectively
;-and'a of a Pontic hydria.

Probably the most wide-spread standard at the beginning of the IV to
the mid III ¢, BC was the 2nd standard, 19.40-19.60 1., since amphoras of

such capacity form 50% of the general quantity of amphoras of the time
mentioned. For the mid III to II c. BC the most characteristic standard
was, probably, the 5th, 4.80-5.00 1. (50% of the general number of amphoras
of that time). The 3rd standard, 17.20-17.50 1. forms 25% of the general

number of amphoras in the IV to II c. BC and, possibly, was wide-spread for
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the extent of that period.

Since all the standards contain a definite number of Euboean choes,
it is probable the supposition that for the manufacture of an amphora
the master made use of the Euboean standards of capacity, at the same time
being of a sort which it is easy to recalculate into the standards of
other systems.

On the foundation of the calculations carried out,, it is possible to
state a hypothesis about it that in Chersonesos simultaneously there
existed standard fractional vessels, and also, that the basic standard was
different in different periods. This supposition rests on the conclusions
of V. Grace, who on the basis of treatment of a substantial quantity of
material arrived at a conclusion about the standardness of sharp-bottomed
amphoras, about the existence of several standards in a single centre
simultaneously, and about the alteration of standard throughout the extent
of a definite segment of time in one centre.24 The diversity of standards
and the sizable capacity of an amphora of the basic standard (19.40-19.60)
probably is explained by the fact that Chersonesos at the end IV to begin-
ning III c. BC produced a significant quantity of wine for sale. Decrease of
the standard of capacity in the III to II c¢. BC probably was conditioned
by the fact that as a result of wars with the Scythians the city loses a
considerable part of her territory, and in consequence of this production
of wine decreased.

It is known that Chersonesos in her out-put of a container imitated
the types of Pontic Heraclea and Sinope.25 N.A. Leipunskaya observed the
monotony of amphoras of Heraclean manufacture within the type, which was
caused, in the opinion of the author, bynthe standardized character of
the ceramic production and trade of Heraclea.26 The basic linear para-
metres of amphoras of that centre vary within the limits:ht. of vessel
61-75.5 cm, d. of body 22-29 cm, d. of mouth 8-10 cm. 2! The linear measure-
ments of amphoras of Chersonesan production, which imitete the shapes of
Heraclean ones, are confined to those same limits. One should notice
also that a considerable qguantity of Chersonesan amphoras are near to the
Sinopean MEXXMEENEREE, Thasian and Pantikapaean measurements.

The production of the ceramic container was carried out probably in
accordance with indbcated state scandards,28 and the coincidence of di-
mensions of amvhoras of Chersonesan manufacture with amphoras of the enu-

merated centres probably testifies that Chersonesos, which was a sizable
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trading centre, aimed at making uniform the standards of measures, which
simplified the accomplishment of commercial operations. By investigators
an important fact has been observed: measurements of amphoras of different
types give a definite firm monotony of the metric features in amphoras of
a single type, namely: height, depth, diametre of the body, of the mouth,
height of the upper part (up to the line of the diametre of the body),
correlation of the height of the lower part of the amphora and its full
height.29

Work on the determination of proportional dependance between different
parts of an amphora was nndertaken by N.A. Leipunskaya. She calculated
the proportional dependance between the height of the lower part of the
amphora and its full height. The ideal quotient of this proportion was
0.618,30 that is, 3/5 of the height of the amphora. Analogous computations
conducted on Chersonesan amphoras confirms this result. Hence, the ratio
of the height of the upper part of the amphora to its whole height in am-
phoras of Chersonesan manufacture fluctuates at the limits 0.200-0.247, that
is 1/5 = 1/4 of the height of the amphora, and the tatio of the diametre
of the neck to the diametre of the body is 0.210-0.240.

According to their linear parametres, Chersonesan amphoras of definite

2. .0l

capacities can be distributed into several groups: 1st cap. 5 l., ht. 50-54 cm,

d. of the body 21-24 cm; 2nd cap. 10-11 1., ht. 68-70 cm, d. body 24-28 cm;

3rd cap. 14-15 1, ht 69-71 cm, d. body 27-28 cm, 4th cap. 16.5-19.5 1,
nt 70-71 cm, d. body 29-30 cm; Sth cap. 22-27 1, ht 70-71 cm, d. body
30-36 cmj 6th cap. 30-32 1, ht 69-72 cm, d. body 35.5-37 cm; Zth cap.
22-27 1, ht 75-88 cm, d. body 53-37 cm.

The height of amphoras of the 1st group makes up % of the height of
the amphoras of the 2nd-6th groups, the diametres of the body of amphoras
of the 1st-6th groups make up respectively 1/3, 2/5, 2/5?&5/2, 1/2 of the
height of the amphoras of the 2nd-6th groups. The diametre of the neck of
all groups of amphoras is 8-10 cm, which makes up 1/9 of the height of
amphoras of the 2nd-6th groups. The depth of amphoras of the 1st group
constitutes 3/5 of the height of the 2nd-6ih groups, the depth of which is
9/10 their height.

Proceeding from this table, it is possible to make up a series of
correlations of heights and diametres of amphoras of the 1st to 6th groups,

where a height of 69-71 cme has been accepted as a unit, that is the
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(147) height of amphoras of the greatest capacity, and the most frequently re-

peated height( in all groups except the 1st). The series looks thus:

1:1/9 :1/5 :2/5: 3/5: 1/3 : 1/2 + 3/4 : 9/10.

I'inally, tc the master these correlations were well-known, and for

the production of an amphora of determined capacity it was enough for him

to have one measuring instrument, on which all the necessary dimensions

were accumulated.

The master produced an amphora of a set capacity using a template.31

For this, in order to manufacture the template, it is necessary to czlculate
a theoretical capacity of the vessel. About the formulas of Heéro for
computation of a theoretical capacity of pithoi of different shape it has
already beem spoken. For the computation of the capacity of amphoras such
formulas are not known. But, as the investigations of I.B. Brashinsky
have shown, for the computation of the capacity of amphoras of pithoid type
it is possible to employ the above-cited formfila of Hiero.32 The use of
these formulas of Hiero for the computatiog of capacities of all types of
sharp-bottomed amphoras M. Lang and I.B. Brashinsky consider inaccurate.33
However the introduction of a coefficient into the formula of Hiero makes ity
in our view, acceptable for this purpose. We shall explain the expressed
proposition.

Chersonesan amphoras, as also amphoras of many other centres, it is
possible to break down into geometrical figures: cylinder (neck), truncated
cone (intervening space between line of the base of the neck and the line
of the maximum diametre) and cone (lower portion of the amphora from the line
of the maximum diametre). To obtain the capacity of an amphora is possible

by making up the sum of the volumes of these figures, calculated according

to the adopted formula:

vV = ’I1Td2 cylinder h cylinder 1<th truncated cone
I; X + ,i-a X

(da cylinder + d cylinder x d body)) +(11rd3 body x h cone)
12

If we are to make use of the calculations of the correlation of the
height of an amphora with the height of the separate parts, and of the

diametre of the body with the diametre of the neck, and to express in the
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given formula the diametre of the neck and the heights of the separate

parts of the amphora through these correlations, the formula will appear:

\'j =<11Tx o.24d2body x 0.25h amphora) 4 _117x 0.13h amphora x
I 12

(0.24d%body + 0.2Ld body x dbody + dabody)) " (11Td2body x 0.62h amphora)
»

After calculations we obtain the result V = 0.259d2h

Now taking up the formula of Heiro: V = 11 - (d neck + d body)2 h
L 2 *

and conducting the same operation. The final result will look thus:

vV = O.243d2h.[-Translator's note: All these calculations use the substitution
of 0.24dbody for dneck, but in none of them does the author appear to square
the whole term where dneck should have been sqared. She uses o.24d2body
where she should have 0.058d2body.] Comparing the results of calculations

in accordance with these formulas, it is possible to say that they are
approximatedly ecual. This gives the basis for utilizing Hedro's formula

for calculations of the capacity of sharp-bottomed amphoras.

Rearranging the formulas, we substituted the maximal value of the
correlations of diametres and heights. If we substitute in these formulas
the minimal value of the correlations, then in the final formula we will
obtain a new value of the coefficient. Hence it is possible to draw the
conclusion that the value of the coefficient depends on the correlations
of the diametres and heights of the different parts of the amphora, in
other words, on its proportions. In the last formula this will look thus:

V = xdzh.

For amphoras of Chersonesan manufacture the value of x for each type
of amphoras has been determined according to the formula x =,V . Since
the value of the coefficient was obtained on not numerous material, to
maintain its stability for Chersonesan as also for amphoras of other centres
of production is for the time being premature. Nevertheless, endeavouring
to check the results of our =Xx calculations on amphoras of Pontic Heraclea
and Sinope, we obtained a satisfactory result: the capacity of an amphora
calculating empirically nearly coincides with the capacity calculated on

the given fromula.3 A difference of 200-300 gm practically can be disregarded.
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We do not know how the formula looked for =Xa calculation of bodies
of revolution before Hiero, but we may suppose that the Greeks, in as much
as they knew nggggan mathematics of the Egyptians,35 used their formulas.
Ttgis Enown that the formula of the volume of a cylinder among the Egyptians

was(@) DZH, in modern interpretéion'%’DEH. In order to calculate the volume
9

of a body of revolution of another form, the Egyptians introduce to the
formula of the volume of a cylinder a cd?efficient.36 Relying on this
knowledge, it is pessible to say that the formula obtained by us for the
calculations of volumes pertains to bodies (in the present instance amphoras)
of such a form as requires the introduction of a codfficient corresponding
to the formula of the volume of a cylinder. In other words, our formula

may appear: V = xTTDaH.

Analysing the material obtained, it is possible to draw the following

conclusions:

1. In Chersonesos in the Hellenistic period tggggeare distinguished
definite standards of measures of capacity, among which for the end
IV to mid III c. BC the standard 19.40-19.60 1l. is the most characteristic,
and for the mid III to II c. BC the standard 4.80 to 5.00 1. The fluct-
uation of the standards is accounted for, probably, by a change of the
condition of the economic basis of Chersonesos.37

2. In this same period in Chersonesos there is to be observed a
definte unification of standards of measures. On the face of it the
standards apparently are diverse (in building and architecture there has
been established the use of the Ionic foot, in trade, of the Chian-Rhodian
and Persian monetary-weight systems, in ceramic prodution, of the Euboic
and, probably, of the Pontic standards of capacity). However the weight
of capacity, filled with water, which is equal to the weight of the Chian-
Rhodian drachma (3.88 gm), makes up 1/10,000 of the Persian drachma,
1/7,000 of the Euboic metretes (of 38.88 kg), the metric equivalent of
which is 1.5 cubic feet at 296 mm. In other words, standards of capacity
and of weight it is possible to reduce to a common module: the Ionic foot
of 296 mm.

3, Comparing the linear parametres of amphoras of various centres, it

is possible to observe a striving towards standardization of linear
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measures of this type of pgdustion in specific regions, in particular
in Chersonesos and centres which trade with her: Heraclea Pontica,
Sinope, Thasos, Pantikapaion.

4.LiB§%£nsions of amphoras are found in proportional dependance which
is determined by the shape of the amphora. In a formula this dependance
is expressed by a coefficient.

5. TFor mathematical calculation of the capacity of §§§§E-bottomed
amphoras it is possible to apply the formula x 8 2D2H, using for each
type of amphoras a specific coefficient. Such 2alcu1ations give the
possiblility of determining the capacity of fragmented vessels, which is
particularly important for the analysis of ceramic material, the principal
quantity of which consists of fragments of amphoras.

6. Probably not only standards of measures but also methods of cal-
culation of them the Greeks strove to make uniform, which had great sig-

nificance in ancient manufacture and trade.
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[p142]

On Standards of Capacity of Hellenistic Khersonesos

Thorough study of material on the economy and trade of
ancient states requires more and more active application of data
on metrology. The importance of metrological investigations for
the study of these problems was already noted in the last
century by H. Nissen.<fl> Unfortunately, little attention has
been paid to this theme until now. A work of I.B. Brashinskii
which has recently appeared has to do with questions of the
methods of determining the capacities of ceramic containers.<f2>
Since the author characterizes sufficiently fully the state reached
in studying this problem, we will not dwell on it in detail. Let
us remark only that the basic attention of the investigators was



concentrated on the study of the weight and linear metrology of
Olbia, Pantikapaia and Khersonesos, predominately the weight
standards.

1. H. Nissen, <i>Griechische und r\"omische Metrologie, Handbuch
der klassischen Altertumswissenschaft<i>, I~{2}, M\"unchen,
1892, p850 f.

=== 2, I.B. Brashinskii, "Methods of Studying the Standards of
Ancient Greek Ceramic Containers [Metodika izucheniia standartov
drevnegrecheskoi keramicheskoi taryl," <i>SA<i> 1976, nr 3,
pp87-104.

[pl43]

The first metrological researches on the north Black Sea
area weight system were undertaken by A.L. Berte-Delagard, whose
conclusions were later amplified by A.N. Zograf and D.B.
Shelov.<£3> Among the prominent monetary-weight systems recorded
in the north Black Sea area are the Rhodian-Chian, Persian,
Aeginetan, Euboian, and others.<f4> The Aeginetan system was
predominate at Olbia and Pantikapaia,<£f5> the Rhodian-Chian at
Khersonesos (Zograf, <i>op. cit.<i> pl47). Here also the
Persian system was deduced, while the Euboian system was deduced
at Pantikapaia and Olbia. In the opinion of L.I. Chuistova, one
may distinguish a group of weights on Khersonesos’ own system
as well with a mna weight of 207 gm.<f6> But since she proceeds
on an incorrect reading of the letter marking on a stone
weight (39 instead of 19), this conclusion cannot be recognized
as successful. Furthermore, the method of weighing the metal
weights which L.I. Chuistova adopted was incorrect,<f7> and
the conclusions of the author cannot therefore be used.

=== 3. A. L. Berte-Delagard, "The relative value of monetary
metals in the Bosphoros and Borisphen in the mid-IV
century BCE. [Otnositel’naia stoimost’ monetnykh
metallov v Bospore i Borisfene v polovine IV v. do n.
e.]," <i>Numizmaticheskii sbornik<i>, vol. I Moscow 1911;
A.N. Zograf, "Ancient coinage [Antichnye monety],
<i>MIA<i> 16 1951; D.B. Shelov, <i>Coin production in
the Bosphoros IV-III centuries BCE [Monetnoe delo Bospora
IV-III vv. do n. e.], Moscow 1956.

=== 4 Zograf, <i>op. cit.<i> pl25, 127.
=== 5, Shelov, <i>op. cit.<i> p73, 83.
=== 6. L.I. Chuistova, <i>Ancient and mediaeval weight systems,

circulating in the north Black Sea area [Antichnye i
srednevekovye sistemy, imevshie khozhdenie v Severnom
Prichernomor’e]<i>, in coll. "Archaeology and History of the
Bosphoros [Arkheologiia i istoriia Bosporal,"™ vol. II,
Simferopol’ 1962.

=== 7, N.L. Grach, <i>Lead weights from Nymphea and some questions
of Bosporan weight metrology [Svintsovye giri iz Nimfeia i
nekotorye voprosy bosporskoi vesovoi metrologii]<i>, "Works
of the State Hermitage [Trudy Gos. Ermitazha]," vol. XVII,
Leningrad 1976, pl94.
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In characterizing linear standards of the Bosphoros, E.O.
Berzin notes that here, as in Olbia, the Attica-Euboian (Ionian)
system was used.<f8> N.I. Bolotin also isolates the Euboian
(Ionian) system in Pantikapaia, but in Olbia he considers the
Aeginetan to be the basic one;<£9> however, I.B. Brashinskii observed
that the roof-tiles of this centre as well as of Khersonesos
were made according to the Attic (foot at 326 mm) standard.<f10>
The question of the linear measures of Khersonesos has been
partially developed. S.F. Strzheletskii determined that the unit
of measurement with the aid of which the allotments of Khersonesos
on the Heraclean peninsula were divided was the orguia, close to or
equal to the Attic orguia.<f1l1> Studying the monuments of the khora
of Khersonesos in the north-western Crimea, A.N. Shcheglov arrived
at an analogous conclusion.<f1l2>

=== § E.O. Berzin, "On Linear Measures of the Bosphoros [0 lineinykh
merakh Bospora]," <i>SA<i> XXVI 1956 pp227-235.
=== 9 N. Bolotin, "Antike Masse in ihrer Bedeutung f\"ur Geschichte

und Kunst," <i>Das Altertum<i> Bd. 15 1959 Ht. 4 p2l6 f£.

10. I.B. Brashinskii, "Standards of Linear Measures in Ceramic
Production at Sinope [Standarty lineinykh mer v keramicheskom
proizvodstve Sinopy]," <i>IKAM<i> Moscow 1977 p35 ff.

11. s.F. Strzheletskii, "Kleroi of the Tavridean Khersonesos
[Klery Khersonesa Tavricheskogo],”™ <i>KhSb<i> VI
Simferopol’ 1961 pp56-57.

12. A.N. Shcheglov, <i>The North-western Crimea in Ancient
Times [Severo-Zapadnyi Krym v antichnuiu epokhul<i>.
Abstract of PhD diss. Leningrad 1971 pl4; <i>idem<i>,
"Residential Housing in Hellenistic Kalos Limen [Zhiloi
dom ellinisticheskogo Kalos Limena]," <i>Artistic
Culture and Archaeology of the Ancient World
[Khudozhestvennaia kul’tura i arkheologiia antichnogo
mira]<i>, Moscow 1976 p235.

So far there has been no special study devoted to the
standards of capacity in the above-mentioned centres; B.N.
Grakov, who began this work and measured the capacities of 150
amphoras, did not manage to complete the work. I.B. Zeest and
V.V. Borisova give capacities of some types of amphoras without
determining their standards.<f13> Recently in connection with
studying the types of amphoras, V.I. Kats and S.Iu. Monakhov
touched upon the question of the standards of amphora
capacities.<fl4> Determination of standard sizes of capacity
may shed light on many aspects of the economic life in an

ancient city as I.B. Brashinskii discusses in detail (<i>op.
cit.<i> pp87--89).

= 13. I.B. Zeest, "Ceramic Containers of the Bosphoros
[Keramicheskaia tara Bospora," <i>MIA<i> 83 1960 p75 f£ff;
V.V. Borisova, "Ceramic Stamps of Khersonesos and the
Classification of Khersonesan Amphoras [Keramicheskie
kleima Khersonesa i klassifikatsiia khersonesskikh

amfor]," <i>NE<i> XI 1974 pl02, 111.

=== 14, V.I. Kats, S.Iu. Monakhov, "Amphoras of Hellenistic

Khersonesos [Amfory ellinisticheskogo Khersonesa],"

<i>The Ancient World and Archaeology [Antichnyi mir i



arkheologiia]<i> III Saratov 1977 pl02 ff. While agreeing
with the authors’ conclusions on the standards of

capacity calculated by them empirically, one must

observe that it is not permissible to build a histogram

of capacities based on the quantity of amphoras (10
specimens) used for the analysis. 1In order to obtain

the most probable conclusion by histogram the number of
statistical homogeneous data (observations) must

approach 100. (see E.S. Venttsel’, <i>The Theory of
Probability [Teoriia veroiatnosti]<i> Moscow 1962 pl92.)

[p144]

In the present article the author presents the results of
work on determining the standards of capacity of Khersonesan
amphoras of the Hellenistic period which she attempted to
establish by applying a mathematical method of calculating
amphora capacities. Since the methodology of determining
standards of capacity combines linear and factual measurements
of capacities it is necessary to examine the most wide-spread
systems of linear measures in greater detail. As is known, the
linear measures were the basis for forming the measures of
capacity and weight,<f15> where one cubic foot corresponded to
the metric expression of the weight of a talant, one and a half

feet to the weight of a metretes, and two feet to the weight of a
medimnus.

=== 15. For more detail see Nissen <i>op. cit.<i> p849; N.T.
Beliaev, "On Ancient and Present Russian Measures of
Distance and Weight [0 drevnikh i nyneshnikh russkikh
merakh protiazheniia i vesal", <i>Seminarium
Kondakovianum<i> I Prague 1927 p247 £f.

The most widely used were a foot of 295.7-296 mm, formed
from the length of a Persian or Phoenician cubit of 443.55-444
mm and comprising 4/5 of a Babylonian large cubit of 555 mm, and
a foot of 297 mm from a cubit of 445.5 mm formed from the ancient
Babylonian cubit of 495 mm.<f16> In literature this foot equal
to 296-297 mm is often called the Attic foot. A foot of 326-328
mm from a cubit of 495 mm is also known (<i>ibid.<i> p857).
D\"orpfeld called it the Aeginetan foot, and considered it to be
the most widely used in Athens.<f17> 1In the works of the last
few years, a foot of 296 mm has acquired the name of short or
Ionian, and a foot of 326 mm long, Dorian, or Attic.<f18> In
connection with this it is necessary to note that researchers
speaking of the use of the Euboian system of linear measures in
Khersonesos had in mind a foot of 296 mm, i.e., Ionian.

16. Nissen <i>op. cit<i> pp861, 857.
17. W. D\"orpfeld, "Metrologische Beitr\"age," <i>AthMitt<i>
XV 1890 pl67.

18. M. Lang, "A New Inscription from Thasos: Specifications
for a Measure," <i>BCH<i> 76 1952 pp22-28; W. Dinsmoor,
"The Basis of Greek Temple Design: Asia Minor, Greece,
Italy,"™ <i>Atti del settimo Congresso Internationale di
archeologia classica<i>, vol. I, Rome 1961 p358 f£.

Lang has foot values of 296 and 326 mm and W.
Dinsmoor 293.9 and 326.55 mm. In our further

il



calculations we will use the Ionian foot of 296 mm and
Dorian foot of 326 mm.

To determine the standards of capacity we measured 45
amphoras of Khersonesan production preserved in the collections
of the Khersonesan and other museums, and moreover we used the data
on capacities given in the work of V.V. Borisova.<£f19> The
capacity of whole and restored amphoras was determined
empirically whereby each amphora was filled with water or grain
to the rim of the neck. The capacity of all amphoras was
calculated mathematically as well.

== 19. Borisova <i>op. cit.<i> ppl02-104. The measurements of
amphoras from the Panskoe-I excavations were done by
S.Iu. Monakhov.

The first experiment of mathematical calculations of
container capacity was carried out by us on the example of a
Sinopean pithos with numerical markings.<£20> The full volume of
the pithos was calculated by the well-known mathematical formula
V = pi/3 x sigma(R_{j}~{2} + R _{j}.R_{j} + R_{j}"{2}) x delta h
for approximate calculation of the volumes of bodies of rotation.
The meaning of this formula consists in the fact that the body
of rotation is broken along the axis into a series of elementary
bodies of rotation, in this case truncated cones. The sum of
the volumes of these truncated cones gives the full volume of
the body of rotation. The capacity of the pithos calculated by
this formula comprised 1065 +/- 65 litres. If we calculate the
capacity by Heron’s formula for pithoid bodies used by M.
Lang<f21> for calculating the volume of a hypothetical Thasian
pithos, it will comprise [pl45] 985.25 litres. The difference
in calculations may be explained by the fact that in using a
contemporary formula there appear inaccuracies in drawing the
profile of the vessel which is caused by practical deviations of
the pithos form from the ideal. These inaccuracies comprise
approximately 5% of the vessel’s volume. One can determine the
inaccuracies in calculations by Heron’s formula, arrived at most
likely in an empirical way, by the availability of a large body
of statistical material which we don’t have at present.

Moreover M. Lang considers that one of the diameters given in
Heron’s formula is the internal diameter of the body. But this
diameter is hard to measure in practice. It was much more
convenient for a master to check his artefact by measuring the
external diameter of the body and the internal diameter of the
mouth. Undoubtedly the master acted in the same way when he
checked the size of the amphora.<f22> If in order to confirm our
reasoning we calculate the capacity of a pithos by putting the
value of the external diameter of the body into Heron’s formula,
it will comprise 1027.5 litres. This result is quite close to
the value of the volume arrived at by the formula of the sum of
the volumes of the truncated cones and corresponds to 20 medimni
or 26 metretes or 30 Attic cubic feet or 40 Ionic cubic feet.

=== 20. G.M. Nikolaenko, "Markings on Ancient Pithoi [Metki na
antichnykh pifosakh]," <i>Tavridean Khersonesos. Crafts
and Culture [Khersones Tavricheskii. Remeslo i
kul’tura]<i>, Kiev 1974 p29.
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=== 21. Lang <i>op. cit.<i> p28. The formula looks like this:
V = 11/14 x ((Dmouth + Dbody)/2)"{2} x h, where h in
the opinion of M. Lang, is the depth of the pithos. A
formula of Heron for calculating the capacity of a
spheroid pithos is also known: V = 11/21 x ((Dmouth +
Dbody) /2)~{2} x h. On this see <i>Metrologicum
scriptorum reliquiae<i> (ed. Fr. Hultsch), Lipsiae 1864
p202 ff. nr 19-20.

=== 22. Brashinskii <i>op. cit.<i> p97 note.

We used the same formula (the sum of truncated cones) in
calculating the capacity of amphoras. As a result of
measurements one can isolate standards of amphoras, the capacity
of which fluctuates within the following limits:

End of IV--mid III BCE<£f23>

<i>First<i>: 31.5--32.5 1.; <i>second<i>: 19.40--19.60 1.;
<i>third<i>: 17.20--17.50 1.; <i>fourth<i>: 14.50--14.70 1.;
<i>fifth<i>: 4.80--5.00 1. Conjecturally we isolate standards:
<i>sixth<i>: 30.20--30.30 1l.; <i>seventh<i>: 27.20--27.50 1.;
<i>eighth<i>: 22.50--22.70 1.; <i>ninth<i>: 9.60--9.80 1.

Mid III--II BCE

<i>eighth<i>: 22.50--22.70 1.; <i>third<i>: 17.20--17.50 1.;
<i>ninth<i>: 9.60--9.80 1.; <i>fifth<i>: 4.80--5.00 1.
Conjecturally we isolate standards: <i>second<i>: 19.40--19.60
1., and <i>tenth<i>: 8.50--8.60 1.

=== 23. The dating of ceramic material is given according to the cited
work of V.V. Borisova.

Standards 1, 2, 4, 9, and 5 are equal to 10; 6; 4; 5; 3;
1.5 Euboian choes of 3.2 1. each, or to 11.5; 7; 5; 3.5; 1 2/3
Chian choes of 2.8 1. each respectively. Standards 3 and 10 are
equal to 8 and 16 choinikes of 1.08 1. each or 1/3 and 1/6 of a
Euboian medimnus, as well as to 6 and 3 Chian choes. The
standards determined conjecturally equal: sixth standard is
equal to 1 Pontic maris of 30.31 1.; seventh to 8.5 Euboian
chous [sic] or 9 1/3 Chian chous; to 6 Pontic addikes or an
Aeginetan choe of 4.55 1.; eighth to 22.75 1., i.e., 7 Euboian
or 8 Chian choes as well as to 5 Pontic addikes. The fourth
standard is equal also to 1 Pontic hydria of 14.58 1. and the
fifth and ninth to 1/3 and 2/3 Pontic hydrias respectively.

Probably the most wide-spread standard of the end of the
IV--mid III BCE was the second standard, 19.40--19.60 1., since
amphoras of such capacity constitute 50% of the total quantity
of amphoras of the given period. For mid III--II BCE the most
typical was probably the fifth standard, 4.80--5.00 1. (50% of
the total number of amphoras of that time). The third standard,
17.20--17.50 1., constitutes 25% of the total number of amphoras
of IV--II BCE, and was possibly wide-spread during this period.

Since all standards contain a definite number of Euboian choes
it is possible to suppose that in making amphoras a master used



Euboian standards of capacity, such as may easily be converted
into the standards of other systems.

On the basis of the given calculations one could put forward
a hypothesis that in Khersonesos there existed simultaneously
standard fractional vessels, as well as that the basic standard
was different in different periods. This supposition arises
from the conclusions of V. Grace who, on the basis of
processing a considerable amount of material, came to the
conclusion of the standard nature of pointed amphoras, of the
existence of [pl46] several standards simultaneously in one
centre, and of the change of standard during a certain period of
time in one centre.<f24> The variety of standards and
considerable capacity of an amphora of the basic standard
(19.40--19.60 1.) is possibly explained by the fact that at the
end of the IV--beginning III BCE Khersonesos produced a
considerable amount of wine for sale. The decrease of the
standard of capacity in the III--II BCE is probably caused by
the fact that as a result of wars with the Scythians the city
lost a considerable part of its territory and consequently the
production of wine was curtailed.

=== 24. V. Grace, "Standard Pottery Containers of the Ancient Greek
World," <i>Hesperia<i> Supp. 8 1949 pl75.

It is known that in the production of containers
Khersonesos imitated the types of Pontic Heraclea and
Sinope.<f25> N.A. Leipunskaia noted the homogeneity of the
amphoras of Heraclean production within a type, which was caused
in the author’s opinion by the standardized character of the
ceramic production and trade of Heraclea.<f26> Basic linear
parameters of the amphoras of this centre fluctuate within the
limits: height of vessel: 61--75.5 cm, diameter of body 22--29
cm, diameter of mouth 8--10 cm.<f27> Linear sizes of amphoras
of Khersonesan production imitating Heraclean forms fall within
these boundaries. It is also necessary to point out that a
considerable number of Khersonesan amphoras are close to
Sinopean, Thasian and Pantikapaian in their dimensions.

=== 25. Borisova <i>op. cit<i> pl0l.

26 N.A. Leipunskaia, "On the standards of Heraclean
amphora containers [0 standartakh gerakleiskoi
amphornoi tary],"™ <i>Olbia [0l’viial<i> Kiev 1975
pl30.
=== 27. <i>ibid<i>. pl27.

Production of ceramic containers was probably implemented
according to state-defined standards,<£f28> and the coincidence
in the size of amphoras of Khersonesan production with amphoras of
the above-mentioned centres possibly is witness to the fact that
Khersonesos, which was a significant trade centre, strove to
make the standards of measures uniform which simplified the
conduct of trade operations. The scholars noted an important
fact: measuring amphoras of different types produces a definite
stable homogeneity of metric features in amphoras of the same
type, that is height, depth, diameter of body, mouth, the height
of the upper part.(to the line of the diameter of the body),
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correlation between the height of the lower part of the amphora
and its full height.<£29>

28. Brashinskii, "Methods of Studying ..." p90.
29. <i>Ibid.<i> p93; Leipunskaia <i>op cit.<i> pl31l.

The work on determining the proportional relation between
the different parts of an amphora was carried out by N.A.
Leipunskaia. She calculated the proportional relation between
the height of the lower part of an amphora and its full height.
The ideal quotient of this proportion is 0.618,<£30> i.e., 3/5
of the height of the amphora. Analogous calculations, carried
out on Khersonesan amphoras, confirmed this result. Therefore
the relation of the height of the upper part of an amphora to
its full height is 0.368, i.e., 2/5 of the height of the
amphora. Moreover it is established that the relation of the
height of the neck to the full height of amphoras of Khersonesan
production fluctuates within the limits of 0.200--0.247, i.e.,
1/5--1/4 of the height of the amphora and the relation of the

diameter of the neck to the diameter of the body is
0.210--0.240.

=== 30. N.O. Leipuns’ka, "The Principal of Proportionality
in Ancient Ceramic Containers [in Ukranian],"
<i>Arkheologyia<i> 15 1975 p25 ff.

According to the linear parameters Khersonesan amphoras of
certain capacities may be divided into several groups:
<i>first<i>: capacity 5 1., height 50--54 cm, diameter of body
21--24 cm; <i>second<i>: capacity 10--11 1., height 68--70 cm,
diameter of body 24--28 cm; <i>third<i>: capacity 14--15 1.,
height 69--71 cm, diameter of body 27--28 cm; <i>fourth<i>:
capacity 16.5--19.5 1., height 70--71 cm, diameter of body
29--30 cm; <i>fifth<i>: capacity 22--27 1., height 70--71 cm,
diameter of body 30--36 cm; <i>sixth<i>: capacity 30--32 1.,
height 69--72 cm, diameter of body 35.5--37 cm; <i>seventh<i>:
capacity 22--27 1., height 75--88 cm, diameter of body 53--57
cm.

The height of the amphoras of the first group comprises 3/4
of the height of the amphoras of the second to sixth groups.
The diameters of the bodies of the amphoras of the first to
sixth groups comprise 1/3, 2/5, 2/5, 2/5, 1/2, 1/2 of the
heights of the amphoras of the second to the sixth groups
respectively. The diameter of the neck of all groups of
amphoras is 8--10 cm, which comprises 1/9 of the height of the
amphoras of the second to sixth groups. The depth [pl47] of the
amphoras of the first group comprises 3/5 of the height of the
second to the sixth groups, the depth of which is 9/10 of their
height.

Based on this table one can compile a set of correlations
between the heights and diameters of the amphoras of the first
to sixth groups where the height of 69--71 cm, i.e., the height
of the amphoras of the greatest capacity and most frequently
repeated (in all groups except the first), is taken as the
unit. The set would look as follows:

W
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1:1/9:1/5:2/5:3/5:1/3:1/2:3/4:9/10.

The master of course knew these correlations and for making
an amphora of a certain capacity it was sufficient for him to
have one measuring tool on which all the necessary dimensions
were marked.

The master prepared an amphora of a given capacity by using
a template.<f31> 1In order to make a template it is necessary to
calculate the theoretical capacity of the vessel. We have
already spoken of the formulas of Heron for calculating the
theoretical capacity of pithoi of various forms. Such formulas
are not known for calculating the capacity of amphoras. But, as
I.B. Brashinskii’s research has shown, one can apply the
above-mentioned formula of Heron for calculating the capacity of
amphoras of pithoid type.<£32> M. Lang and I.B. Brashinskii
consider the use of these formulas of Heron for calculating the
capacities of all types of pointed amphoras to be
impermissible.<f33> However, the introduction of a coefficient
into Heron'’s formula makes it in our opinion acceptable for this
purpose. We will explain this proposition.

=== 31. Leipunskaia, "On the Standards ...," pl33; Brashinskii,
"Methods of Studying ...," p90 f.
=== 32. Brashinskii, "Methods of Studying ...," p92.

33. <i>Ibid<i>. p%0--93.

Khersonesan amphoras like the amphoras of many other centres
may be divided into geometrical figures: cylinder (neck), truncated
cone (the section between the line of the base of the neck and the line of
the maximum diameter), and cone (lower part of the amphora from the
line of maximum diameter). It is possible to get the capacity of
an amphora by adding the sum of the volumes of these figures calculated
by the accepted formulas: V = 1/4 pi d*~{2}cyl x hcyl + 1/12 pi h trunc-con
(d*{2}cyl + dcyl x dbod + d~{2}bod) + 1/12 pi d*{3}bod x hcon.

If we use the calculations of the correlation of the height of an
amphora to the heights of the individual parts and of the diameter of
the body to the diameter of the neck and express in the quoted formula
the diameter of the neck and the heights of the individual parts of an
amphora by means of these correlations, then the formula would look as
follows:
Vv =1/4 pi x 0.24d"{2}bod % 0.25hamph + 1/12 pi x 0.13hamph x (0.24d"{2}bod

+ 0.24dbod x dbod + d*{2}bod) + 1/12 pi d"~{2}bod x 0.62hamph. After calculations
we obtain the result: V = 0.259d"*{2}h.

Now let’s take Heron’s formula: V = 11/14 x ((dneck + dbod)”~{2})/2 x h
and carry out the same steps. The final result is: V = 0.243d"{2}h.

Comparing the results of calculations by these formulas we can say
that they are approximately equal. This gives a basis for using Heron’s
formula to calculate the capacity of pointed amphoras.

When transforming the formulas, we substituted the maximum
value of the correlations of diameters and heights. If we substitute
the minimum value of the correlations in these formulas we’ll obtain
a new value of the coefficient in the final formula. One can conclude

N
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from this that the value of the coefficient depends upon the correlations
of the diameters and heights of the different parts of an
amphora, in other words upon its proportions. The final formula
would look like this: V = xd"~{2}h.

For the amphoras of Khersonesan production the value of x for each
type of amphora is determined by the formula x = V/D"~{2}h.

Since the value of the coefficient has been obtained on scanty
material, it is so far premature to claim its stability both for
Khersonesan and for amphoras of other centres. Nevertheless, while
attempting to check the results of our calculations on the amphoras
of Pontic Heraclea and Sinope, we obtained a satisfactory result, i.e,
the capacity of an amphora calculated empirically almost coincides
[p148] with the capacity calculated by the quoted formula.<f34>
We can practically disregard a difference of 200--300 gm.

=== 34, I am not giving the arithmetical value of the coefficient,
since it was obtained on an insufficient quantity of material.

We don’t know what the formula for calculating bodies of
rotation looked like prior to Heron among the Greeks, but we may
suppose that Greeks who knew the mathematics of the Egyptians
well,<£35> used their formulas. It is known that the Egyptian
formula for the volume of a cylinder was (8/9)"{2}D"{2}H or, in
contemporary interpretation pi/4 D~{2}H. 1In order to calculate
the volume of the body of rotation of a different form, the
Egyptians introduced a coefficient into the formula of the
volume of a cylinder.<f36> Based on these data, we can say
that the formula obtained by us for calculating volumes is
applicable to bodies (in this case amphoras) of a form which
requires the introduction of a corresponding coefficient to
the formula of the volume of a cylinder. In other words our
formula may look as follows: V = x pi/4 D"{2}H.

35. M.Ia. Vygodskii, <i>Arithmetic and Algebra in the
Ancient World [Arifmetika i algebra v drevnem mire]<i>
Moscow 1967 p9.

36. G.P. Boev, "Calculation of Surfaces and Volumes of
Bodies of Rotation by the Ancient Egyptians
[Vychislenie poverkhnostei i ob"emov tel vrashcheniia u
drevnikh egiptian]," <i>VDI<i> 1950 nr 3 p200.

Analysing the material obtained, we can draw the following
conclusions:

1) 1In Khersonesos during the Hellenistic period definite
standards of measures of capacity are distinguished. Among
them, for end IV--mid-III century BCE the most characteristic
was a standard of 19.40--19.60 1., and for mid-III--II BCE a
standard of 4.80--5.00 1. The fluctuation of standards is
probably explained by a change in the conditions of the economic
basis of Khersonesos.<f£37>

=== 37. These changes are testified to by political events:
loss of possessions in the north-west Crimea by the
beginning of the second century BCE, the raids of the
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barbarians on the urban neighbourhoods of Khersonesos
in III--II century BCE, and destruction of the
out-lying settlements of potters and vintners.

2) During the same period in Khersonesos one observes a
certain unification of the standards of measures. At first
glance, the standards seem varied (in construction and
architecture the use of the Ionic foot is recorded; in trade, of
the Chian-Rhodian and Persian monetary-weight systems; in
ceramic production, of Euboian and possibly Pontic standards of
capacity). However the weight of a capacity filled with water
equal to the weight of the Chian-Rhodian drachma (3.88 gm),
comprises 1/10000, of the Persian 1/7000, of a Euboian
metretes of 38.88 kg, the metric equivalent of which is 1.5
cubic feet at 296 mm. [sic: sentence ungrammatical---is there an
erratum slip?] In other words the standards of capacity and weight
may be reduced to a single modulus: the Ionic foot at 296 mm.

3) Comparing the linear parameters of the amphoras from
different centres, one may observe a striving towards
standardisation of the linear measures of this type of
production in certain regions, in particular in Khersonesos and
the centres which traded with it: Pontic Heraclea, Sinope,
Thasos, and Pantikapaia.

) 4) The linear dimensions of amphoras exist in a
proportional dependency which is determined by the form of the

amphora. In the formula this dependancy is expressed by a
coefficient.

5) For mathematical calculation of the capacity of pointed
amphoras one can apply the formula x(8/9)"{2}D"{2}H, using a
certain coefficient for each type of amphora. Such calculations
make it possible to determine the capacity of fragmented
vessels, which is particularly important for the analysis of

ceramic material, the major quantity of which consists of sherds
of amphoras.

6) Probably the Greeks strove to make uniform not only the
standards of measures but also the methods calculating them,
which had a great significance in ancient production and trade.
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